OBJECT: There are competing explanations for persistent postoperative seizures after temporal lobe surgery. One is that 1 or more particular subtypes of mesial temporal lobe epilepsy (mTLE) exist that are particularly resistant to surgery. We sought to identify a common brain structural and connectivity alteration in patients with persistent postoperative seizures using preoperative quantitative magnetic resonance imaging and diffusion tensor imaging (DTI). METHODS: We performed a series of studies in 87 patients with mTLE (47 subsequently rendered seizure free, 40 who continued to experience postoperative seizures) and 80 healthy controls. We investigated the relationship between imaging variables and postoperative seizure outcome. All patients had unilateral temporal lobe seizure onset, had ipsilateral hippocampal sclerosis as the only brain lesion, and underwent amygdalohippocampectomy. RESULTS: Quantitative imaging factors found not to be significantly associated with persistent seizures were volumes of ipsilateral and contralateral mesial temporal lobe structures, generalized brain atrophy, and extent of resection. There were nonsignificant trends for larger amygdala and entorhinal resections to be associated with improved outcome. However, patients with persistent seizures had significant atrophy of bilateral dorsomedial and pulvinar thalamic regions, and significant alterations of DTI-derived thalamotemporal probabilistic paths bilaterally relative to those patients rendered seizure free and controls, even when corrected for extent of mesial temporal lobe resection. INTERPRETATION: Patients with bihemispheric alterations of thalamotemporal structural networks may represent a subtype of mTLE that is resistant to temporal lobe surgery. Increasingly sensitive multimodal imaging techniques should endeavor to transform these group-based findings to individualize prediction of patient outcomes. DL, Saindane AM, Binder JR, Kuzniecky RI. Neurology 2015; Apr 8. [Epub ahead of print] OBJECT: We examined whether individual neuronal architecture obtained from the brain connectome can be used to estimate the surgical success of anterior temporal lobectomy (ATL) in patients with temporal lobe epilepsy (TLE). METH-ODS: We retrospectively studied 35 consecutive patients with TLE who underwent ATL. The structural brain connectome was reconstructed from all patients using presurgical diffusion MRI. Network links in patients were standardized as Z scores based on connectomes reconstructed from healthy controls. The topography of abnormalities in linkwise elements of the connectome was assessed on subnetworks linking ipsilateral temporal with extratemporal regions. Predictive models were constructed based on the individual prevalence of linkwise Z scores >2 and based on presurgical clinical data. RESULTS: Patients were more likely to achieve postsurgical seizure freedom if they exhibited fewer abnormalities within a subnetwork composed of the ipsilateral hippocampus, amygdala, thalamus, superior frontal region, lateral temporal gyri, insula, orbitofrontal cortex, cingulate, and lateral occipital gyrus. Seizure-free surgical outcome was predicted by neural architecture alone with 90% specificity (83% accuracy), and by neural architecture combined with clinical data with 94% specificity (88% accuracy). CONCLUSIONS: Individual variations in connectome topography, combined with presurgical clinical data, may be used as biomarkers to better estimate surgical outcomes in patients with TLE.
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The Brain Connectome as a Personalized Biomarker of Seizure Outcomes After Temporal Lobectomy

Improving Seizure Outcomes After Epilepsy Surgery: Time to Break the "Find and Cut" Mold
Commentary Drug-resistant focal epilepsy has been treated with resective brain surgery for close to a century. In 1952, Penfield and Baldwin (1) reported the seizure outcomes of patients undergoing temporal lobectomy: 50% were seizure free 10 years after surgery. In 2015, the long-term surgical success of temporal lobe epilepsy (TLE) surgeries has essentially remained stagnant (2). This brief commentary will offer us a reflection as to why.
For the most part, the current thinking about surgical "failure" in the context of drug-resistant TLE revolves around the idea that the cause of the epilepsy hasn't been completely surgically removed. Sophisticated iterations of this basic "findand-cut" concept include notions varying from incomplete resection of the epileptogenic lesion to challenges in localization of the epileptogenic tissue. Widely accepted surgical prognostic indicators support this line of thinking: patients with MRI evidence of unilateral hippocampal sclerosis and concordant scalp EEG findings are considered ideal surgical candidates, while those with nonlesional brain MRI do better when they have significant focal hypometabolism on PET scanning or clear hyperperfusion defined by ictal SPECT, for example (3) (4) (5) . Efforts to improve surgical outcomes have therefore followed this logic and have focused on developing better tools to visualize the epileptic cortex and help define the extent of resection: higher-resolution brain imaging is constantly being sought so clinicians can see the epileptic tissue better, and various advanced electrophysiological tools are constantly being refined to better identify what broadly falls under the umbrella of the irritative zone. Despite all of these revolutionary advances in neuroimaging and electrodiagnostic tools, patients have yet to see a similarly revolutionary improvement in surgical outcomes. What should physicians do differently?
Should we do larger resections? Should we improve on the "cut" component of the find-and-cut motto? A complete resection of an epileptic lesion, such as a tumor or a cortical malformation, increases the chance of postoperative freedom from seizure (3) . Similarly, a complete resection of the areas of ictal onset on invasive EEG improves outcomes in patients with drug-resistant focal epilepsy and a clinically normal brain MRI (4). So, one obvious conclusion may be that larger resections are a guaranteed path to a cure. The question actually is more complex, however.
In one study highlighted here, Keller et al. performed meticulous volumetric analyses on a cohort of surgical patients with well-characterized unilateral hippocampal sclerosis and found a tendency for better seizure outcomes when more amygdala and entorhinal cortex were resected. Beyond that, however, the extent of resection did not predict freedom from seizure. One major caveat is that the study truly compared different variations of small, as the cohort only included patients who underwent a standardized amygdalo-hippocampectomy, thereby limiting any conclusions on whether large versus small temporal lobe resections have different outcomes. Still, other findings within this study force us to consider that the cause of the surgical failure in some cases is actually outside the temporal lobe, such that the outcome truly would not have been influenced by any size (large or small) temporal lobe resection: compared with patients rendered seizure free postoperatively, persistent postoperative seizures occurred more often in those with atrophy of bilateral dorsomedial and pulvinar thalamic regions or with bilateral significant alterations of diffusion tensor imaging (DTI) derived thalamotemporal probabilistic paths. The article concludes that a "pathologically distinct subtype of hippocampal sclerosis" with altered thalamic connectivity is now identified, a subtype proving that some patients with mesial TLE have an epileptic network that is gated by the thalamus and is more extensive than the temporal lobe itself and, therefore, resistant to surgical treatment. The concluding call is to enhance increasingly sophisticated and sensitive multimodal imaging techniques to better identify these patients.
This naturally brings us back full circle to the central findand-cut motto: Is our challenge then with the "find" component? The innovative solution to surgical failure may be to develop better imaging so the epilepsy can be found: imaging the epileptic network rather than the epileptic focus is the obvious answer proposed to identify ideal surgical candidates. The second article highlighted here advances just that: Bonilha et al. reconstructed the structural brain connectomes of 35 patients who underwent TLE surgery and identified an ideal surgical cohort with "fewer abnormalities within a subnetwork" simplistically consisting of the essential components of the limbic circuitry, calling for the use of structural connectomic data for individualized seizure outcome prediction. The common thread between the two articles discussed here is that they so elegantly shift the attention from finding the extent of an epileptic lesion/tissue to finding the extent of an epileptic network. While surely a step forward in the understanding of surgical epilepsy, the implications of such a shift deserve some consideration.
The notion that patients in whom TLE surgery is unsuccessful have altered temporal lobe connectivity has been increasingly appreciated. A pattern of bilateral thinning of the frontocentral, lateral temporal, and mesiotemporal cortices and ipsilateral mesial thalamic atrophy was already demonstrated in patients with drug-resistant unilateral TLE, whether or not hippocampal sclerosis was present (6) . Poorer seizure outcomes after TLE surgery have already been linked to the strength of the corticothalamic coupling observed in ictal intracerebral recordings between the thalamus and remote cortical structures (7) as well as to distinct patterns of cortical atrophy in various TLE pathologies with temporopolar and insular cortical atrophy predicting seizure recurrence in TLE patients with hippocampal atrophy while posterior quadrant cortical atrophy was most relevant in nonlesional TLE (8) . This body of literature indicates in many complex ways that patients with TLE who do not do well with surgery have a brain that is wired differently-with the thalamus potentially being a key switch in that wiring-such that seizures can spread faster, more easily, and farther from the hippocampus to the cortex. The simple clinical correlate of this complex imaging and electrodiagnostic hypothesis is the observation that patients whose partial seizures secondarily generalize consistently do poorer after TLE surgery than those who never convulse (2, 9, 10) . A consistently documented correlation between preoperative secondarily generalized tonic clonic seizures (SGTCS) and seizure recurrence after TLE surgery has been typically overlooked, including in the article by Keller et al., in which patients with SGTCS were more likely to have bilaterally altered DTI-derived thalamotemporal connections than those whose seizures never generalized. As the question of surgical outcome is then considered, one may ask about the additive predictive value provided by various patterns of altered connectivity over the clinical ascertainment of SGTCS. One may also ask about the biology that leads to SGTCS in some patients but not others with TLE of the same etiology, or the biology underlying the fact that the highest risk of seizure recurrence after TLE surgery is in patients with histologically nothing to find, that is, those who lack any specific pathological diagnosis (10) .
By definition, seizures have an onset, a spread, and an end. Of course, epilepsy needs a network to manifest. Welldesigned imaging studies like the ones highlighted here are finally allowing us to see these networks. The real question is whether we want to use that knowledge to make the find-andcut mold bigger so that it fits an epileptic network rather than an epileptic focus, or use it to help us understand more challenging questions about the biology of the epileptic pathology and the mechanisms of seizure recurrence.
by Lara Jehi, MD 
